While HPWHs are not new, products designed for the residential market have achieved minimal market penetration in the past, primarily because past products were produced by smaller, niche-market manufacturers, encountered reliability issues, and operated with limited market infrastructure. Although HPWHs were first commercialized in the 1980s, they were typically add-ons to existing ERWHs, which required specialized knowledge for installation and often required both an HVAC contractor and a plumber to install the system. The development of drop-in HPWHs allowed for easy installation by a single trade (Tomlinson 2002) .
Recently, major manufacturers, such as General Electric (GE), Rheem, AO Smith, and Stiebel-Eltron, have introduced "drop-in" HPWHs ( Table 2 ). The development of these models has been fueled by the large electric water heater replacement market and ENERGY STAR ® certification of many HPWHs, which often allows for state, federal, local, and utility rebates, tax credits, and other incentives. Furthermore, the new federal water heater standard, which takes effect in 2015, mandates EFs around 2.0 for all new electric storage water heaters with capacities greater than 55 gallons (Federal Register 2010) . This regulation effectively mandates that water heaters be HPWHs in applications with large hot water demands and the need for electric storage water heaters. In residential applications, the most common water heater appliances are electric resistance with storage tank (ERWH), natural gas with storage tank, and tankless natural gas. HPWHs are designed as replacements for standard ERWHs and are able to achieve higher energy factors by adding an additional heating mechanism to existing ERWH designs. The primary heating mechanism is a heat pump refrigeration cycle (like those in a refrigerator or air conditioner, but operating in reverse) that transfers heat from the surrounding air to the water stored in the tank (Figure 1 ). Auxiliary electric resistance elements are also included for reliability and quicker recovery. Unlike most previous models, most current HPWHs are truly hybrids: They integrate a heat pump and electric resistance element(s) into a single storage tank.
Figure 1. HPWH operation
The heat pumps can heat water in the storage tanks at high efficiencies, but the heat pumps have heating capacities lower than those of traditional electric resistance elements. Typical 4.5-kW electric resistance elements can reliably heat over 20 gallons of water per hour (GE 2011), whereas the heat pump has a longer heating rate (GE claims 8 gallons per hour at 68°F air temperature). The efficiency of a HPWH will vary considerably based on several operating parameters, such as inlet water temperature, tank temperature, inlet air temperature, and temperature set point.
These units often have several modes of operation, such as hybrid mode, heat pump mode, and electric resistance mode. The names of these modes differ by manufacturer, but most models include some combination of the above. The hybrid mode uses both the electric resistance element(s) and the heat pump to meet demand, but uses the heat pump whenever possible to maximize the efficiency of the unit. Heat pump mode includes only heat pump operation, which improves the efficiency of the unit, but reduces the recovery capacity of the water heater. Electric resistance mode works like a traditional ERWH and can be used when the ambient temperature of the space is inadequate or there is a problem with the heat pump.
Cost and Performance
Using HPWHs is a potentially cost-effective method of substantially reducing energy use for DHW when compared to use of electric resistance water heaters. Section 2.2 explores the energy and cost savings of HPWHs, while Section 2.3 explores the variables that affect the overall performance of HPWHs. Sections 2.4 and 2.5 discuss the dehumidification potential, reliability, and safety of HPWHs.
Performance Metrics
The efficiency of residential electric water heaters in the United States is measured and reported using the energy factor (EF) value. The energy factor represents the efficiency of the electric element and tank losses under a consistent, 24-hour test procedure. In this procedure, 64.3 gallons of water are drawn from the tank in six equal draws spaced one hour apart. The temperature of the drawn water must be 135±5˚F and the ambient temperature is 67.5˚F. The energy factor is simply the ratio of energy output to energy input during the test procedure (Burch and Erickson 2004; Federal Register 1998) .
Since the energy factor is defined under the specific test conditions outlined above, for a unit that operates under real-world conditions or conditions different than the standard test, the coefficient of performance (COP) is the term used here to describe the efficiency of the unit under the measured conditions. Like EF, COP is the unit-less ratio of energy output to energy input during its operation.
When comparing energy use of water heaters using different fuels, EF or COP can be misleading because energy use is only measured at the home and does not include energy lost to extraction, conversion, or transmission of the energy. Therefore, water heaters using different fuels should be compared using a different metric. While energy usage is usually measured in site energy, which is the energy used at the home and is typically measured at a utility meter in units of kWh (electricity), therms (natural gas), or gallons (fuel oil or propane), a better metric for measured energy usage is source energy, which is the sum of energy used at the home and the energy lost to extraction, conversion, or transmission. Site energy easily can be converted to source energy using a site-to-source ratio (Deru and Torcellini 2007) for the given fuel.
When comparing water heaters that use different fuels, this guideline will use two metrics: cost to deliver each unit of water heating energy ($/delivered mmBTU) and "source COP," which is the efficiency of converting source energy into water heating energy. These metrics include the efficiency of extraction, conversion, and transmission.
Energy and Cost Savings
Traditional ERWHs are an inefficient and expensive form of water heating. As shown in Table 3 , electric resistance water heating has the lowest source COP and the highest cost per mmBTU of delivered water thermal energy. On the other hand, HPWHs have efficiencies and operating costs similar to natural gas storage water heaters, making HPWHs an excellent choice for homeowners who currently use an electric resistance, fuel oil, or propane water heater and do not have access to natural gas. Replacement of natural gas water heaters with HPWHs is not recommended in heating dominated climates because HPWHs will increase the load on the space heating system without a similar benefit to the space cooling system. (Table 4) . These water heaters are considerably more expensive to install than traditional ERWHs, but electric savings will likely save more money over the course of the water heater's life. Table 4 shows the installation and annual operating costs, according to the National Renewable Energy Laboratory's (NREL) National Residential Efficiency Measures Database and the U.S. government Energy Guide labels. Two methods of evaluating the cost effectiveness of energy efficiency measures are simple payback (SPB) and return on investment (ROI). The SPB period is the ratio of incremental initial cost (dollars) to annual energy savings (dollars/year).
The ROI is the ratio of net proceeds to the investment costs.
Using the costs and savings in Table 4 , the SPB period for HPWHs is 4.7, and the ROI is 113%.
2.3
What Affects Performance?
Although the cost and energy savings discussed in the sections above are quite compelling, real world savings of each individual HPWH may be vastly different than those described above. Unlike conventional ERWHs, the efficiency of HPWHs is hard to predict and strongly dependent on hot water usage patterns (see Section 2.3.1) and ambient temperature (see Section 2.3.2). Furthermore, HPWH operation may impact the space conditioning equipment, increasing heating loads and decreasing cooling loads (see Section 2.3.3). Inadequate space and ambient temperature will also markedly reduce HPWH efficiency (see Sections 2.3.4 and 2.3.4).
Hot Water Usage
The primary driver of the efficiency and energy usage of a HPWH is hot water demand (e.g. gallons used per day). As with traditional ERWHs, standby losses reduce overall efficiency, particularly at lower hot water demands. Unlike ERWHs, however, HPWHs experience a reduction in efficiency as electric resistance heating is required to meet larger hot water demands.
There are two ways in which hot water consumption affects efficiency. Electricity consumption certainly increases with overall water consumption (i.e. average gallons used per day). However, electric consumption is even more dependent upon the intensity of hot water use. As the data below show, during intense, high-volume hot water draws, a hybrid HPWH will often operate in electric resistance mode. Electric resistance can provide more hot water faster, but it also consumes at least twice the electricity when compared to heat pump mode. Figure 3 shows one day's worth of data where a HPWH uses the heat pump to satisfy all hot water needs. Figure 4 shows the same HPWH relying exclusively on the electric resistance elements to meet demand
Supporting Research
Field evaluations suggest that a 50-gallon HPWH has the potential to save a typical home 1,500 to 2,200 kWh per year, which represents a 45%-65% reduction in electricity usage for domestic hot water. These results are not comparable to U.S. government estimates because they reflect varying household usage patterns and, in some cases, the operation of the electric resistance element that reduces overall efficiency. Utilizing a TRNSYS model, actual household usage data for a new 50-gallon HPWH were compared to a typical 50-gallon ERWH with an EF of 0.92. The expected lifetimes of these units are 10 years, and 13 years, respectively. Using the Building America Standard Benchmark DHW Schedules for 1, 2, 3, 4 and 5 bedrooms (Hendron et al. 2010) , expected annual energy savings for 1, 2, and 3+ bedroom houses are between 1,750 and 2,200 kWh per year (Table 5 ). for a day with the same total hot water demand (70 gallons). Each data point in these charts is the totalized consumption over a 15 minute period. The first figure has a distribution of demand across the day, while the second day has large, concentrated draws during the afternoon and evening.
Overall efficiency peaks around 20-30 gallons per day and decreases with increased demand due to an increase in hot water electric resistance element use. Overall electric usage strictly increases with domestic hot water demand. Figure 2 shows the average COP and electricity used for one HPWH model monitored during CARB's HPWH evaluation. These curves are smoothed fits to daily data and are meant to show the effect of hot water usage on efficiency and electricity usage. 
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Ambient Temperature
The efficiency of a HPWH increases substantially with increased ambient temperature (i.e. the air temperature of the space where the HPWH is located). Heat pumps become much more efficient when the heat source (in this case the ambient air) becomes warmer. Warmer air also reduces standby losses.
The HPWHs will only operate in heat pump or hybrid mode if the ambient temperature of the air entering the water heater is between ~45°F and ~110°F. When the temperature of the incoming air drops below the minimum temperature, the HPWH will switch into electric resistance mode, reducing the efficiency of the unit. In practice, the temperature of the space must be several degrees above the minimum temperature due to the cooling effect of the heat pump operation, which drops the temperature of the space. On the lower end of this temperature range, system efficiency can be compromised due to:
• Increased electric resistance back-up heating • Decreased hot water output • Decreased hot water temperature rise. Figure 5 shows the effect of ambient temperature on the expected performance of a HPWH operating in heat pump mode. Higher ambient temperatures result in considerably higher COPs. At increased water use levels, an increase in ambient temperature from 50°F to 80°F results in an increase in COP of approximately 0.5. 
Supporting Research

Interaction with Space Conditioning Systems
As mentioned above, HPWHs transfer heat from the ambient air to water; this means HPWHs can have a significant impact on the heating and cooling load of a building if the HPWH is installed in conditioned space. HPWHs may reduce the ambient temperature 2F°-6°F when in operation (Stiebel-Eltron 2010), though this is heavily dependent on HPWH run time and the space in which the HPWH is located. Often, HPWHs are touted as providing free energy due to COPs greater than 1.0, but when located within the building envelope, heat moved into the storage tank by a heat pump typically needs to be replaced by the home's heating system. HPWHs can extract between 4 and 11 MMBTU/year of energy from the surrounding space. In hot climates, locating the HPWH in attached garages is an excellent way to optimize water heating performance without concern for the cooling effect of the unit.
Inadequate Space
The HPWH must be able to extract sufficient energy from the surrounding air, and the energy available in the air is primarily a function of the size of the space. Therefore, HPWHs must be installed in rooms with adequate volume to ensure efficient operation (see manufacturer literature for space requirements). Adequate clearances must be provided to allow for proper airflow and maintenance (see Section 3.1.1). If a unit is installed in an area with insufficient space, the space can experience a dramatic reduction in temperature during HPWH operation.
Supporting Research
As shown in Figure 6 , heat pump operation dropped the ambient temperature by over 4°F, from 49°F to near 45°F, which is the minimum allowable ambient temperature for this unit. Colder air temperatures forced the electric resistance elements to turn on to meet hot water demand. 
Dehumidification Potential
Because HPWHs remove heat from the ambient air using a heat pump refrigeration cycle, they also remove moisture from the air. The water vapor in the air will condense as it passes across the HPWH's evaporator coils and, as a result, will provide dehumidification. This has the potential to reduce the need for dehumidifiers in damp spaces, such as unconditioned basements. Although the dehumidification is not predictable, because it relies on operation of the HPWH, the HPWH can reduce the energy consumed by dehumidifiers in these spaces.
Reliability and Safety
Integrated (or "drop-in") HPWHs are a relatively new technology that was first commercialized in the early 2000s. Earlier models were "add-on" configurations that heated the water outside of the storage tank. Unfortunately, the first commercialized, integrated HPWHs experienced problems with reliability and safety.
Although the higher complexity of HPWHs over standard ERWHs may lead to greater reliability issues, so far modern HPWHs do not seem to be experiencing the same reliability issues that plagued earlier models. An accelerated durability test of older HPWH models performed at Oak Ridge National Laboratory found no long term reliability issues with these models (Baxter and Linkous 2004) . These early results suggest that modern HPWHs may last as long as traditional ERWHs under extended operation.
Supporting Research
At one test site, the HPWH was installed in a location with inadequate space and showed a significant reduction in efficiency. The HPWH was installed in a small, unconditioned basement mechanical room with a door that was kept closed. The mechanical room's area was approximately 440 ft 3 , significantly less than the required 750 ft 3 for the unit, contained a washer and dryer, and was used for storage. The overall COP of the unit was 30% lower than the expected COP of a HPWH installed with adequate space.
In 2004, evaluation of an early integrated HPWH, the WatterSaver HPWH, demonstrated effective COPs, but some consistent drawbacks with the systems and their daily operation were identified, such as excessively hot water temperature. Monitoring showed that water temperature near the top of the tank often reached more than 150°F, partly because of excessive tank stratification -water temperatures near the top could be 50°F higher than temperatures near the bottom. In fact, high-temperature switches in many of the systems shut down the water heaters completely (high-temp safety switches are designed to turn off water heaters when temperatures reach 170°F). Control boards were also replaced because of problems with exposure to hot and humid conditions. Ultimately, because of the problems with installed performance and a nonexistent service infrastructure, this product is no longer on the market.
Monitoring of the current 14 HPWHs, however, has shown no issues with safety to date. Only one unit experienced a heat pump failure shortly after installation, but was quickly repaired by an authorized service provider. Upon failing, the unit switched from hybrid mode to electric mode and, as a result, the home did not experience a loss of hot water. Furthermore, all of the HPWHs under evaluation have yet to display problems with excessive or inadequate hot water temperatures.
HPWH Implementation Details
As noted in the introduction, hybrid heat pump water heaters are new to the mainstream market. Installing contractors should be aware that installation of these units is not as straightforward as a standard electric resistance water heater. Heat pumps require special attention to the air space (to ensure adequate air flow) around the unit and require condensate collection and removal. Installers may not be familiar with these units or heat pump models in general, and it can be difficult to install these units in existing homes.
Selecting the Best Location for a HPWH
Selecting an appropriate location for a standard ERWH is relatively straightforward. Any space large enough for the water heater, piping, and servicing can be appropriate for an ERWH. However, HPWHs require special consideration as they require more space (see Section 2.3.4) and weigh more than traditional ERWHs. The added weight of these units, due to the heat pump components, may mean that two or more people are required to move and install the unit. Furthermore, the best location must be chosen with respect to the interaction with the space conditioning equipment, the ambient temperature of the space, and noise (see Section 3.1.2). For reference, Table 6 lists the weight, volume, clearance, and operating temperature requirements for several current HPWH models (this is presented as an example; for accurate information, refer to up-to-date literature for specific HPWHs).  Are the ceilings high enough to accommodate the extra height of the HPWH?
 Is there adequate space to allow maintenance of the heat pump components?
 Can the HPWH be placed in the room such that there is sufficient clearance for airflow around the unit?
 Is there enough clearance for removal and cleaning of the air filter?
 Is the floor able to support the additional weight of the HPWH? less efficient than properly installed units (see Section 2.3.4). Generally, HPWHs must be installed in a room with a volume of at least 750 ft 3 , which corresponds to a 10 ft by 10 ft room with 7'6" ceilings. Furthermore, HPWHs require larger clearances for proper operation. Air entry and discharge must be free of obstructions to provide proper air circulation and ensure a continuous supply of fresh air. Figure 7 shows a properly installed HPWH with adequate clearances at the air entry and discharge, while Figure 8 shows a poorly installed unit with the air discharge directed towards a wall. Added clearances are also required for removal and cleaning of the air filter and for servicing of the unit. Piping installation must be carefully considered to prevent the pipes from blocking the air filter or maintenance panels. 
Conditioned or Unconditioned Space?
When selecting an appropriate location for a HPWH, the interaction with the heating and cooling system must be closely considered. As mentioned in Section 2.3.3, HPWHs extract heat from the surrounding air and therefore increase heating loads and decrease cooling loads when installed in conditioned spaces. An analysis of the total impact on heating and cooling source energy usage (Table 7) reveals that for the vast majority of the United States, there is a net potential heating penalty on source energy usage for space conditioning. Cities in climate zone 2 may have a net potential cooling benefit. If the decision is made to relocate an interior water heater to a semi-conditioned space (i.e. garage or basement), consideration needs to be given regarding the impact on distribution system performance and hot water waiting times. 
Conditioned Space
In climates with a net heating penalty, it is not advisable to place HPWHs in conditioned space without further exploring the potential impact. In locations with potential cooling benefit, HPWHs may be placed in conditioned space, although special consideration must be used when deciding the best location for the HPWH. Although these units have a potential to reduce overall space conditioning loads, the cooling from these units may lead to over-cooling of the space because the operation of the unit is not controlled by a thermostat. Follow these guidelines when choosing a proper location for the HPWH:
• Never place the unit close to a thermostat, as this may result in improper heating or cooling of the home.
• Never place the unit near the kitchen. Oils from cooking can ruin the unit.
• Place the unit in a location that is not sensitive to colder temperatures.
• Make sure to meet the manufacturer's space requirements (e.g. Section 3.1.1). Do not place the unit in a closet unless the closet door has a louvered door. Even with a louvered door, locating the HPWH in a closet will likely reduce overall performance of the unit.
• Noise may be an issue because the HPWH uses a compressor and fan to move air through the unit. Do not place the unit near bedrooms or other noise-sensitive locations.
Unconditioned Space
In most U.S. climates, HPWHs can be placed in unconditioned or semi-conditioned spaces. Semiconditioned spaces are spaces that are inside the thermal boundary, but not directly heated or cooled. The most common semi-/unconditioned locations are garages and basements. Crawlspaces are generally too short for HPWHs, and HPWHs are typically not recommended to be placed in attics (because of potential for water leaks, weight of unit, ambient temperature that fluctuates outside the heat pump's operating range, etc.).
When installing a HPWH in a room with a furnace, ensure that the unit does not interfere with operation of the furnace. Air flows inside the room will change as a result of HPWH installation.
Interesting Fact
At one site in CARB's evaluation of 14 HPWHs, the unit was placed in an unfinished basement in the mechanical room next to the boiler. The waste heat from the boiler increased the ambient temperature of the room in the winter, meaning that the room was 70°F or warmer throughout winter. The waste heat improves the efficiency of the HPWH and minimizes the impact of the HPWH on the space heating loads of the house.
The primary consideration for unconditioned spaces is the size of the room (see Section 3.1.1) and the ambient temperature of the space. The minimum temperature of the space should not be below 50°F. Operation of the HPWH will result in a significant drop in ambient temperature, and such a drop may result in an air temperature below the minimum recommended operating temperature in heat pump mode (see Section 2.3.2). HPWHs with electric resistance modes may be placed in colder basements, but the HPWH will not operate at its rated efficiency during colder months. In more temperate climates, the attached garage can be a suitable location, as long as plumbing lines are not too long and can be properly insulated. In colder climates, however, the basement will likely have the highest temperature of all unconditioned spaces. 
Proper Installation and Maintenance
Managing Condensate
As warm, moist air travels over the evaporator coils of a HPWH, some moisture in the air will condense, and the resulting condensate is removed from the unit through a condensate drain line. This condensate must be effectively removed to prevent damage to the unit. While manufacturer's condensate requirements vary slightly, in the simplest configuration a hose is connected to the condensate line and properly pitched toward a drain in the floor. If a suitable drain is not available, a condensate pump must be installed to ensure that condensate is properly removed. Based on contractor feedback, a 240V condensate pump is recommended for this application to avoid potential call backs related to tripped ground-fault circuit interrupter (GFI) outlets used to power 120V condensate pumps. To protect the unit from a condensate line failure or other condensate issue, HPWHs should be installed on blocks with a drain pan. These precautions prevent the unit from sitting in water and ensure that the condensing water is properly transferred to a drain.
Drain pans are used to capture overflow due to condensate pump failure, piping failure, and condensate line obstructions. Because HPWHs are relatively new to the mainstream market, the installers may not be aware of the need for drain pans. Given the low cost, all HPWHs should have a drain pan installed. Concrete blocks are often used to raise the bottom of the unit above the lip of the drain pan which prevents the bottom of the unit from resting in water (and possibly corroding should a leak occur). Figure  10 shows a HPWH that does not properly remove condensate away from the unit into the drain. The unit ended up sitting in water due to a kinked condensate line. Figure 11 shows a proper HPWH installation, where the unit is set on blocks in a drain pan and a condensate pump is used. If the condensate line becomes clogged or kinked, the drain hose must be removed and cleared of any debris. The owner should periodically inspect and clear any debris from the condensate line to prevent condensate overflow.
Heat traps
Heat traps should be installed on all hot water systems to prevent thermosiphoning, which is the transfer of heat from the storage tank down the cold or hot water lines. Thermosiphoning reduces the efficiency of the unit by increasing the standby losses to the environment. Figure 12 shows a HPWH installed without heat traps, while Figure 13 shows a properly installed HPWH with heat traps. 
Mixing Valves and Setpoint Temperature
With any water heater that generates relatively high water temperatures a mixing valve should be installed to minimize the risk of burns or scalding (see Table 8 ). If a HPWH generates temperatures above 125F°-130°F (or if the temperature is likely to be set above this), a mixing valve should be installed (Figure 14) . Just as a high water temperature could result in scalding, a low temperature could result in the growth of the bacterium Legionella, which causes lung infections. This bacterium thrives in warm water, but temperatures over 119°F will minimize Legionella growth. Temperatures above 122°F will kill 90% of the bacteria in 80-124 minutes, and temperatures above 140°F will kill 90% of the bacteria in 2 minutes (WHO 2007) . Temperatures around 120°F (but not less than 119°F) are the recommended temperature set point to minimize scald potential and reduce standby losses while maintaining water quality. If the vacation mode of a water heater is used (or temperature setpoint lowered), ensure that the unit is given adequate time to recover to a temperature higher than 122°F for several hours upon return from vacation before using the hot water.
Filter Maintenance
If a HPWH has an air filter, the filter must be regularly cleaned to ensure that the unit runs at peak efficiency. In Figure 15 , a HPWH with a dirty air filter is shown. On some units, the air filter is removed from the top of the unit, and therefore extra clearance must be provided to ensure that the unit's filter can be properly cleaned.
Mixing Valves
The hot water outlet temperature may change over the course of the year, increasing during the summer as the mains temperature increases.
HPWH Piping Issues
The inlet and outlet pipes of most ERWHs enter the top of the unit. Due to the inclusion of the heat pump at the top of the unit, some HPWHs have different locations and orientations of the water lines. In Figure 14 , the water lines enter the unit at the side and are placed horizontally. This orientation will likely require additional plumbing.
Furthermore, the air filter in some units is placed near the water piping. As a result, the installer must pay close attention to the piping installation to avoid obstructing the air filter. 
Typical Maintenance (for HPWH or ERWH)
In addition to cleaning the air filter, both HPWHs and ERWHs require regular maintenance to ensure proper operation and extend the life of the unit. Table 9 lists the required maintenance items for water heaters and the recommended timing. Ensure lever moves freely.
Allow several gallons to flow through the discharge line to an open drain.
Discharge Water from Tank
Suspended solids in tap water may settle at the bottom of a water heater's tank. To ensure that these solids do not collect at the bottom of the tank, a few quarts of water should be drained from the drain valve of the tank every month. See the section below for instructions for draining the tank.
Draining the Tank
Note: Drainage hose should be rated for at least 180°F. Otherwise, turn off power to water heater and open hot water faucet until the water runs cold.
Shut off power to the water heater.
Turn off cold water supply.
Open a hot water faucet to allow air to enter the tank.
Attach a hose to the drain valve on the water heater and direct the stream of water to a drain.
Open the relief valve.
Drain water heater.
Close relief valve.
Disconnect hose from valve.
Turn on cold water supply.
Keep hot water faucet open until water runs through the faucet.
Close hot water faucet.
Turn on power to the water heater.
Inspection by Qualified Service Provider
Periodically contact a qualified electric appliance repair service provider to inspect the operating controls, heating elements, anode rod, and wiring.
Helpful Tip
Even new electrical appliances may make hissing or singing sounds during operation. However, if these noises increase excessively, the electric resistance elements may need cleaning. Contact a qualified installer or plumbing contractor to inspect the unit.
e. Correct temperature and pressure relief valve will be installed according to manufacturer specifications. Temperature and pressure relief valve discharge tube will terminate within 6" of the floor, or as prescribed by local code.
f. Install di-electric unions according to manufacturer specifications.
g. Discharge temperature will be set to not exceed 120° or as prescribed by local code. h. Commissioning will be in compliance with manufacturer specifications and relevant industry standards. The following will be checked once the system has been filled and purged:
• Safety controls
• Combustion safety and efficiency
• Operational controls
• Water leaks
• Local code requirements.
i. Occupants will be educated on the safe and efficient operation and maintenance of the system, including:
• Adjustment of water temperature and target temperature per local code
• Periodic drain and flush
• Expansion tank and backflow preventer ( no occupant maintenance required).
In addition to the requirements outlined by the SWS, remember to install the following items for HPWHs:
a. Place the unit on blocks.
b. Install a drain pan. 
